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(57) Abstract: A GaN semiconductor device 
improved in the heat resistance of a Schottky 
junction electrode and excellent in power 
performance and reliability. A semiconductor 
device having a Schottky gate electrode (17) 
in contact with an AlGaN electron supply 
layer (14), wherein the gate electrode (17) 
has a laminate structure consisting of a first 
metal layer (171) formed of any one of Ni, Pt, 
Pd, a second metal layer (172) formed of any 
one of Mo, Pt, W, Ti, Ta, MoSi, PtSi, WSi, 
TiSi, TaSi, MoN, WN, TiN, TaN, and a third 
metal layer formed of any one of Au, Cu, Al, 
Pt. The second metal layer, consisting of a 
material having a high melting point, acts as a 
barrier against the mutual diffusion between a 
first-metal-layer metal and a third-metal -layer 
metal to restrict gate characteristics deterioration 
due to a high-temperature operation. The 
first-metal-layer metal in contact with the 
AlGaN electron supply layer (14) has a large 
work function to thereby provide a high Schottky 
barrier and hence a good Schottky contact. 
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6S... SOURCE ELECTRODE 
6D... DRAIN ELECTRODE 
173. .Au LAYER 
172... MO LAYER 
171... Ni LAYER 

14...AlGaN ELECTRON SUPPLY LAYER 
13. ..GaN CHANNEL LAYER 
12...A1N BUFFER LAYER 
11. ..SAPPHIRE SUBSTRATE 
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$>Z>o Z.(D¥Mfammit.. 5'>i^ (U. K. Mishra) Z\Z& 

-^•-t^-'J— • T>F • ^"^.XC I EEE Trans. Mi c r ow 
ave Theory Tech. ) > $46t, $6§, 7 5 61, 1998 

^y7^Tmm±\zm^ntcmm(D^mmt^^m^m(D^mmm^m 
vx^z. mfamzfe, ^y-frste i±\z, mtriv^-vk (a in) 

7^£>&3/\>:7 7JI6 2, gfttfU^A (G a N) ^*;Hf6 3, )V 

(AlGaN) M^ffiM 6 4 ^JH^^^tlT, SSir? 

^LT, A 1 GaNlfft|&I6 4 CtlT V-Xll 6 S Rtf H V-i >M 
l6D7)W^tl, Cine>y-X«tI6 SRtXKU-i' >ii6D(iA IGaN 
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tt H V-i >mm 6 D <h killlPH 1 !! L>% R-D. A 1 G a NifMf 6 4 \Z^~lr^^ 
5y-Ml6 7/»;&2ft, y~hmm6 7taA I GaNIfMl6 4t 

:™-«67H AlGaNifi^|6 
4^^f^>N 11671^:, iNi!67 1 ^T£AuJi6 7 2 t©21i 

GaN, A 1 GaNi(DGaN|«0y 3 7 h+-#®f:^^TH 7 

mm. (wm) t.*mw<Dm=?-m>mii (%s) ©i«$n^, 

<t> B=Wm- xs •••(!) 

ClOfctfK f *SitJ;§#iMt©y3 7 h^-^t!6 7S, Al 
GaNI6 4t;iU R~D, l±*MW±#^#«, Ni, Pt, P 

df ^e.^§#116 7 lTl^LTV^Co AuI6 7 2H 

te, lli^g (~lA/mm) RZSmm& (-10 0V) iW£n&£:#>, 
mntl&m (1~1 OW/mm) T©«j^^pjfg{c 75:^o ^(Dck 5&MM*SI 

G aN^I#t©-> 3 7 h^-ttii^ t^N i , Pt, Pd©iif[^J: 
N i , Pt, P d t&JUJl 6 7 2 £$f/&-r§ A u iKDmoG&ikKfotfm 

z\(Dz\t%:mm?%frtbiz, mi\z^T$t%:<D¥mfamwiztti^ 50 ox: 

fct, mmzf-hMlM (A/mm) Sr^L, ^Ift^y- h - F W >«JE (V) 
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-r0-eS^>o i3M41!H S?xg|* (a. u.) $ttt 

Klxn^HfK (#) ^^Tc 0 3 £EI4££j£t£T£;i£-e> illlitt 
*Ofiftgtt}i5 0 OtOiilCctDN i ^Au©tBSl4;m^D-5C: 

iijDL^:CD«, HI 3 LM4 hiZ^T^^iZN i u OffiSitfjc^C £tl • 
iCfcON i tAu<D&&4t&&misn. N i Au^OttfUM i <Dttm 
Mm&Q 'hZ^fr&lZA 1 GaNlfM!6 4<h©#®<7» 3 y h*-P»g - 

«5^-TSN i ©A 1 GaNtfMi 6 4^©ii&&m#££, 
*%WV>m— OMWte. G a v A 1 !_ v (III, O^v^l) ^ III mm™ . 

m<D3=j&ft t u n s vi^fflTc*©^^ t-r s < e> & * ¥Bfcm 

M!f§ 1 ^JRJBCStt-rs^ 2 #SJf t, MSf§ 2 ^JR»fc»jS*-r*S(5 3 #JgS t 
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fuf2fg 1 &mm\Z, Ni, Pt, P d , N i z S i i - z , Pt z Si i- 
z , Pd z Si i- z , Ni z Ni_ z , PdzNx-z ({II, 0<z<l) 

u ft § sa> e> £ nfc ^rna* <D&jR*mT*/d& b t t> «k < , meh 2 & 

lift Mo, Pt, W, T i, Ta, Mo x Sii- x , Pt x Sii- x , 
W x Sil- x > T i X S i i- x , Ta x Si!- Xl Mo x Ni- x , W 
x Ni- x , Ti x Ni- x< Ta x Ni_ x (fib, 0<x<l) J;Dft& 

Bte, Au, Cu, Al, P t J:Dft^)il^6StR^tlfeVi-rtl^©^«^ 

#?£b<te, tfi&B 1 &mm\*. Ni zl sii_ z i an, 0. 4^ z 

1^0. 75) , Pt z 2Sii-z2 0- 5^ z 2^0. 75), 

Pd 2 3Si !_ Z 3 (-fib, 0. 5^z3^0. 85) , Ni z4 N!- z 
4 (fib, 0. 5^z4^0. 85) , Pd Z 5Ni_ z5 (fib. 0. 5^ 
z5^0. 8 5) ckOft§^e.S^^n^^Tn^<D^M^T«|^bTfe 
J: < , MIBB 2 ^IKi, Mo, Pt, W, Ti, T a , M o x S i ! _ x , 
Pt x Sii_ x ,W x Sii_ x , Ti x Sii_ x , Ta x Sii_ x , 
Mo x N]- x> W x Nx_ x , Ti x Ni- x , Ta x Ni_ x (fib, 0 

<x<d «fc0fts»^6a^$nfc^*rn^©^jR#»T?*riGbT , b«j:^. 
mzs sotBB3^ffis«, au, cu, ai, ptio^w^M^nfc 

^-Tft;fc<75?i>M^T^/&bT t> J: 

bf#3 0 3Etd, itufEfill&Jg/Ifci:, tulB^2#S®(ciQ^MIHS3^«BcfcO 
ft*Hlk^*^^Ktf»^6«iacb»*. 
Mf3fg2&JR«©Bl!j&«* $f£b<tel 0 0 0t«±, J;«9£?i;b<tel 5 

o or:^±T*-5. 
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$ nfc -ma* b » * . 

jtuf3^2»#«te, AlyGax-uNB (lb, O^u^l) TMH/£b#S. 
fufB#*f#JIta, G a NJg^ft^^t ^;H±Kf l^^tlfcG a N« 

buISG a N^^#)¥^#^^ ^;PS«G a NS^ I n G a N<t 0 frZMfr 

AlGaN«l#§„ 
S3SB¥&#J1 te, G a N^<b^*^S^#*&M±^^$ tl7c GaNl 

fufBG a N^M^iftft ^JUttG a NRl^ I n G a N«fc 0 
S»ft3ft*flS'&W¥##T*toRU WfHGaN^b-&* a l £ 2»#« : f«*&»tt 
A 1 GaNT«l#5. 

*^m<DM— GDMte, G a v A 1 i _ v (fib, O^v^l) III $E#J7C 

t, hubs' a v v*r-&&&mM\%. mm*mwm\zmm.-tz>w.\&mmt., 
mm i ^ii \z&MT2>m 2 &mm t ^t^mmmm^^u 0 , a&ss^ 1 

tufBfg 1 ^11(1 NiySi i-y, PtySii-y, PdyS i 1- 

y, NiyNl-y> PdyNl-y (fib, 0<Y<1) «fc 9 5 |fcf&> £ g 

KJnfc^ftl^©M«M)ill/#5. MIC, HufSf£2:£JSJIte, Au, 

cu, a k p t «fco^s»3&^a^^nfeVi*rnd>©^jRtj^T*dcb^^>. 

J: 0£F£ b < H ffjfB^ 1 #1111 Niyl Si l— yl (fib, 0. 4 
^y 1^0. 7 5) ,Pt y2 Sii-y2 (fib, 0. 5^y 2^7 0. 5), 
Pd y 3Si i-ys (fib, 0. 5^y 3^0. 85) , Niy 4 N 1 _ y 
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4 UIU 0. 5^y4^0. 85) , Pdy 5 Ni-y 5 «IU 0. 5^ 

y5^o. 8 5) &Dfc%mfr%mfctsnfz^rnfroi&mm^nf&vnz>o 
Miz, Mt'd.m2ikmmte, au, cu, ai, p t^^ot^^m^^miR^tirc 

mum i &mmte, mmm 2 mij; k> itmmm^^^mum^^m^, 
m$&&m$, ir7 7^tif, s i cm GaNm%.£Vfe&m^m$i 

mm*Mtem\$. AluGai-uNl (fib, O^u^l) 7:mj$.V%Z>o 
mt^m^mit. G a N^fb-&#;^#:^^^^S±^^$nfcG aNl 

MfBG a N^fc^^*^^ ^;WltaG a I n G a Net: 0 £:£>S¥j&> 

e»«^n§^^*#lr^L^ tulBGaN^<b#^l^#:«^l&S« 
A 1 GaNTMWI^ 

fu|B#»#:ji«, G a N%<b-ir^¥«#«^^)i±^7T0^$n^G a 

tulBG a N^{b-^t)#S^^^^;i/® «G aNR7jlnGaN=fcr)&<5i¥fr 

A 1 GaN«l#^ 

iOIE^#)i«, nSJGaN^^^;l/jiT^Lfl=^o 

^BJCDSHMJ®^ G a v A 1 X _ v ({Mb, O^v^l) £ III i£$ij7t 
m<a±/&# <h L N £ V^IJJtc* <h T§ fl^tl^f*^ 6 & 3 
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&mm iz&mr ssg 2 &mmt. mm 2 &mm \z&mtzm 3 ±mm t s-^tr 

SIBflliSfr 0 , SfffBB 1 #SJIte, Ni, Pt, Pd, Ni z Si]- z> 
Pt z Sii_ z , Pd z Si!- Zl Ni z N!_ Zl Pd z Ni_ z ({§. 

u o<z<d kQfczM&zmRZfttc^ftfrv&mimfr&fcQ^ m 

fBfg2#JSjIte, Mo, Pt, W, Ti, Ta, Mo x S i i _ x , Pt x S 
i 1 - x> W x Si.i- x , Ti x Si !_ X1 Ta x Sii_ x , Mo x N 
1-x, W X N!_ X , Ti x Ni_ x , Ta x Ni_ x «SU 0<x<l) 

ct $ fczmfr zmnztirc ^?tifr(D&m*mfr*>te 0 , mum 3 gut*. 
au, cu, ak p t &r)fc%ufrZM&zntc\,*Tnfr<D&mwnfrZfc 

*m&(omm<Dmwfe, g a v a 1 2 _ v (su 0 ^ v ^ 1 ) & in mjtc 
&mm\zmM-? z>m 2 &mmt ^tsmmmm^^ r> , iufBfg 1 

NiySi l-y, PtySil-y, PdySi l_ y> NiyNj-y, 

PdyNx-y «fiU 0<y<l) £Ot£Z>mfrt>WVlt£tlf^-fftfr<D& 

mttmftzfeK). Mmn2&mm\t, au, cu, ak p t <£D&£s^e> 
*mj}<Dmz.(Dmwit. Ga v A \ 1 ~ v emu o^v^n ^iiimhtc 

^sa \zmmt 2 &mm t, mm 2 &mm izmmirzm 3 &mm t^ts 
%fi.amyMfr<E>&K), mm$£i itmm\$, Ni zl si!_ 2 i (fst> 0. 4 

^zl^O. 75)., Pt z2 Si 1 _ z2 0. 5^z2g0. 75), 

Pd z3 Si 1 _ z3 ((BU 0. 5^z3^0. 85) ,Ni z4 N 1 _ z 
4 «£U 0. 5^z4^0. 85) , Pd z 5N!- z5 USU 0. 5^ 
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IBH 2 &MM\** Mo. Pt, W, Ti, Ta, Mo x Si!- x , Pt x S 
i 1-x^ W X S i i_ x , Ti x Sii_ Xl Ta x Sii_ x , Mo x N 
l- x , W x Ni_ x , Ti x Ni_ x , Ta x N!- x UfiU 0<x<l) 

au, cu, ai> p t «k D^s*^e>aiR$nfcVi*rti^©^jR#»^e»^: 

#fg0J<E>ff£ ?s(Ommt. G a v A 1 i - v (IS U 0 =g v ^ 1 ) III KGJtg 

±mm \zmm? z>m 2 ^11 1 &&ttmmmmfr e> & t> , ltasesfi 1 

Ni.yiSi i-yi (fib, 0. 4^yl^0. 75) . Pt y2 Sii- 
Y 2 <*&U 0. 5^y2^70. 5), Pd y 3S i i- y 3 «IU 0. 5 
^y3^0. 85) ,Niy 4 N 1 _y 4 ({Sb, 0. 5^y4^0. 85) , 
Pd y5 N 1 - y5 «&U 0. 5^y5^0. 8 5) J;D^^6M$ 

ntt^-rtifrcD&mtt'&frzuK)* Mtd,m2&mmte. au, cu, ai, p 
02n 01 c^r¥*#««©^at6Rtxj»^a«^«^bfcifi^i^y 
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0 5 H *mW<Dm 1 (O&MO&WZ.&vyz A 1 G a N/G a N^xCi& 

09H *^0J©^3 <D^ife©7§SSBk:43ttSA 1 GaN/GaNlAjng 
010(1 *^^OSg4©^J£©^Ji^*ttSGaN^JR-¥a»#«^ 

012H *fg0J©£5 6 (DHJfiC^jefC^tt* G a N^#JS 

01 3H *%W©»7©^Jte©^J8fc*ttSGaN/A 1 GaN^AjO 
01411 ^Bjco^8©^J6©^SlC^o^^GaN/A 1 GaN^TO 
01 5H *^g§g©^9.©^Jfi©^SSJC*JtSGaN/A 1 GaNlAfD 

em i onj(s©^ii) 

m 5 H *5£W(Dm l (DmMOMWUZ&VZ A 1 G a N/G a N^xD^. 
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h "7 > yT, $ (Hetero-Junction Field Effect Transistor ; H J F E 

mm ii ±\zm^n^>o msiz&^x. ^77^7111 i±\z. 7>f 

-~7°(DA 1 NA777I 1 2«^tl§„ M7> H-^C7)A 1 N/t-y77l 
1 2±}C«T>H-y(DG aN^-^^^jl 1 3>«/&$n3o M7> K— ^© 
GaN^t^Hl 3±{C«T>H-y©A 1 GaNi?MIl 4«J&£ 
ft£„ ^IT. MA 1 GaNfHH&^JIl 4©±IItgUTV-7tl6 S 
Rtf K WT >«l6D«$tl§. **S6 S&r;Kh*W>lffi6 

Dtt, MA 1 GaNifMIl 4i©t-Attgi^i:§. 

$ e> fc, MA 1 G a Nlfft^I 1 4 ©±S®fcH&bT$*— h«M 1 7 j&tjg 
J&£tl£o gy-Mtl7H y-7*ffi6SR«HH>*l6D*^l* 
Sy-hlll 7il AlGaNtf«114t©y 3 -rh + 
R^-Mtl 7tt3JiSWl«IJfi*Wr*. ?fct>*>* M3 
ffftJlfl$&&> MA 1 G a Ntfil&I 1 4 CD±^®lC^"TSN ill 7 1, 
MN i SI 7 10±»if5Moll 7 2> RtfiMoi 1 7 2 <D±^® 
titSAull 7 3frt>f£Z> B iNill7 1^, AlGaNtfMll 

GaNiAl G a N0^tiH^lt§ tfX^ffi^*«fcCJCg 
G a y*)lM 1 3 4>©A 1 G a Nffi^#tf$/f 1 4 £ 

©#®ifi§©M tc « 2 #7um 2 n§ „ ^ □ s-arm^^j^ h ^ 

>/7^ (HJFET) te> y-Mtl 7©«f£T2^7C« : J 1 ^X©»S& 

§.(oooi) is*wrs-y-7 7-f7a£«i i±fc, ^^.^fiixif^+y 

■t JH&ft (Molecular Beam Epitaxy ; M B E £H£-r§) feC «fc 0 , ggj? 2 0 n 
mC0±IBT> H-7*©A 1 NAs/7 7ll 2. fliff 2 um<D7> :7°tf>G a 
Nft ^Hl 3R^if 3 Onm07>K-7°OA 1 0 . 3 Ga 0 . 7 Ni 



WO 03/107431 " PCT/JP03/07676 

11 



Z.ZX\ AlGaNiGaNtt^t«^^ 7>F-7°A1 0 . 3^ 
a 0 . 7NH4©If3 0nmtt, miLm£<DW,RmBSXl : 'V&Z>o 

mz, a i g a Nm^mmm 1 4±icte, m%.& ti/ai ua^m^m 

tll^U ^ne>V-Xll6 SRtfFWf >li6DH AlGaNlft 
^IHtOt-^^tS. S^sBc, AlGaNt«ll4±l:, 

T^j&U ~>a y h*— Mil 7 AlGaNtm^H4 
±ld, f$ 1 5 nmON i 1 ^11 1 7 1 WU, if lill 

1 7 l±\Zs m% 1 5 nm©Moi!i^7 l < i:§l2#II 17 2 £^/&U ii2 
#«Jf 1 7 2±fc, J»£ 2 0 0 nm©Au^£&£f§3!&JiSJl 1 7 3 £r?Wr 

Z.(DmM<DMMlz£>^TnWte&M, i/3 y h*-tf- hMl 7 &s 

^tt^ig^^wr^^MT^^N i^e^^f l^ii 7 1, is^st&^w 
-?z>&m~c$>z>Mofrt>fcz>m2&mmi 7 2, msm&^i^^^mx 
$>z>Aufrzfj:z>m3&mm 1 7 3^3 mmmm&fr*>fc%>z\t-efcz>o -r& 

^It^ayh^-y-hltl 7 i(D|?-M(CiSV^>3 y h^— B 
Il^Ill 7 1 te^#&tt*l8ffc£WT£#ST|§^ 
L, — ~> 3 V Y*—?— 1 7 CDffitn;£«cT§/c£>, fj§3£JSJBl 

7 3 ttti^^f ^l/T, Igl&JgJll 7 l©iSt 

13^111 7 3©^M<h(Drfl^*3^^«^'TrcDl@Stfet!t^l^±-r ; &^:de), fg 

1^1 171 ti3^ii 1 7 3 £<Dmz. m^m&zm'tz&mxmi&T 

^^2^M«l 7 2£^3E£it£. ^CiO, ->3 y h+-y- hSM 1 7 / 

z tx\ m^mi^mm<Dn^^^±^mmti^m(D^±^m\z-r^o 
mi&mmi 7 i©iMra5NiM3#in 73© 

&JR*mT*5Au£J*#LTfc* fg2#jgjf 1 7 2©^ITOT*§MoH 
^-(DSSl^^2 6 3 OVtn^tc®. N i t A u ©iltfC^tS A U 
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tvxm< 0 mmt&t, mi&mmi 7 1 t&s&mmi 7 stomzftft. 

^ItM^ns^ W$©«fc:5K:^£ft©$fitiJK:cfc9, Siafc^ViT'bA 1 
GaNtfMIl 4^11^111 7 1 i:©»S©'>3s> h^-BS©<ST 

i«fU^*5^Tt)^|p|y- h««E©J«aD£|tp$f 

*7c> A 1 GaNtfMIl 4tlitl)iliIIl 7 l§ii$t5N i 
H tt*MTO4. 6 eV£*#V>fc«>, a y h < , 

foT, y h^-^r- MSI 7d$iS^>a y h^-WSBitf 

mm(Dmm\z^^^mw^m(Dmmmmi^zsmmmm(Dm^m<f-hnm- 
n&w&%7jk-$-m-v$>z>o me>iz&^T. mmz?— hmeft (A/mm) £^ 
u ««fcy-h- hw>«je (v) £^T„ i^tt»ii0^[p]^- 

Ik£©iiViMoJl£:N i itAuIi©F B 1t#At?)C<!:T, ->3 y K3r— y 

0711 *£*&ffi©¥*l#^£, #3S9Ifc«*»i©glfi©#16fc:fett5 
*M*#gS£©, ^?am*^S©^r-h'li^#tt^^r^ttBIT^^. EI 7 © 
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mmzmmmti (w/mm) sssu mmz^mw^m^- hm (mm) £ 

^mmmmTrn, m2&mmi 1 2^m^^%m^i^^>^MjxM(D 

&w^t %±mji%:-t)mznz> 0 m2&mm 1 7 2 ^m^T^mm^^-r 
%$tmftm<Dm(D$mvm. pt, w, Ti&i/Ta^w^ftfeune 
tpg^^ti^fe^Ttt^iio Tts3b%, mo & 2 &mm 1 7 2 p 

tl, WI, TiE TagCD^ < rn^TS^b#S„ 

BUK!ib7ti«M^^T§^Jl7n^fcftA, fg2£JSJIl 7 2&ffij&tZ>&m 
MtLT> BJi»^SWbB.o|»Wfc^^^JR^b#I^JR^Yb'»*ffO^« 

w^%^«sibT%>±eE^tra«i^*^6ns. w,2^mm 

1 7 2^MM#MMI4ibT, Mo x S i i- x i ({fib, 0<x<l)> 
Pt x S i i- x S (fib, 0<x<l), W x Si i_ x l ({fiU 0<x< 
1), Ti x Sii- x l «IU 0<x<l), Ta x Sii- x l ({fib, 
0<x<l)> Mo x Ni- x I «SU 0<x<l), W x Ni- x | ({fib, 
0<x<l), Ti x Ni- x l ({fib, 0<x<l), Ta x Ni— x iS ({fi 
b, 0<x<l) ©^fn^T'gllHS. ^2^II172§i^f5^ 

±T&n&\ ±fB^m*#S^^PlffiT*S. ft, St£#U 5 0 0t«±T 
-r^^^TC^T-N i £flt&bTt>±iB8&J&##e>n5. Slilll 7 1 &Ht 
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173^Cul, A 1 I, Pti©^m^Ttit#5„ ft, fg3&Jl/ll 

*»AlGaNi7i^$tlfc^ G a NI, InAlNI, InGaNI, I 
nA 1 GaNl, A 1 NiiC->3 y h^-gHl^t^ya y 
fc_fcfE«ij6£aUBbT'b, ±«53&*a:^0D^mS^.SC:^*«pJ«gT**. * 
fcv GaNi, AlGaNi, I n A 1 NI, I n G a Nl, InAlGaN 

Ms a i ni©i*i©/>&< .tfe im^tsm.^mt.cD^B y h^—mm&t 

Z>Z\£tfpJffe1?$>2> 0 ?/3it>-*>. Ga v Ali- v (fib. O^v^l) ^ HI 

■mmytm t b n £ v ^autc* t -r s-fh-s-*^*^ e> & & ¥ 
&m± \zmm £ tut zf u—i-mm s ¥S#^g i;: <t o tk bj b fc a*. 
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08H *¥£W<Dm2(Dmifc<DWm\Z&ftZ>A 1 G a N/G a N^AfPS 
^lMh7>y^^ (HJFET) ©»*ffi&^Ttt#«»rliB*T?i&S. 

1t7r-f7S«2 l±fc, JgJ?2 0 nm©7>K-7 s ©A 1 NAy77i2 2 
J&t^J&^tU 1 N/^7 7l2 2±(C§|j»2 Mm®7>H-7 t ©GaN5 1 

**)IM2 3&mi£2n* SGaN5 : t^H2 3±&CJ3U?3 0 nm07>H 
-7°A1 0 . 3Ga 0 . 7N^e^AlGaNffMI2 4^M$nS. 

A 1 GaN«^«ji2 4©±«iLTV-XSl6 SRt;FK>* 
!6D^W$n§c - Xii 6 S R^l H l/Otl 6 D tt, MA 1 G 

££fcA 1 GaNif«l2 4©±«®^gELT^r- hf@2 7 J&*^j5fc3 

T^£o i7 f -M!2 7fl A 1 GaN«^#!;ISJ12 4 <h(7>> 3 y 

j^M^^^o my-hmm2 7fe2mmmmm&^-fz>o -tfctit>, m2mm 

mmm\t, s£A 1 GaNlTftl&Il 4<9±S®f::jgLfliiJPl 5 nm©N i 0 . 

7 s i 0. 312 7 ifrbfczmi&mmt. nMi^mm<o±Mm\zmvm 

J¥2 0 0 nmC0AujS2 7 2fr&fc&1&2&MMhfribtZ. : &o i o. 7 S 
i 0. 3i27 1#A 1 GaNiWl2 4i©y 3 y 

MtC, GaNtA 1 GaN^t&^ic^^H-r^tfxy^^i^cklXg 
^14^®^^^^, G a N^^^JIM 2 3 «f©A 1 G a Nft^^S 24i 

>zSX? (HJFET) tt> y-h«^2 7CD«iiT2^7C«^^7,rlJgSr^ 
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fci±mMm%mvA^m>M&*mir%&mtimtLT, n i y s i 1 _ y m 

t, 0<y<l) ^e^^^ltli2 7 lMfiffi^tt§iST^§ 
^<a-#JT&£N i y S i 1 _ y OSU 0<y< 1) IJNi-Si W©tt£ 
0. 7 5-e$.^c#{C, 0. 65^y^0. 7 5©i^l:il 0 

J1^0>f&l'&JRJl2 7 1 ©#«©^4fet!t^M^n^o fg2 5fejgjf 2 7 

*i3o ten, ^^©m^wiBj-h-r^c 

- M12 7 <h^|^M{CiSV^>3 ?/ h^F-ii^Mt5<!:*H, il2:£JSJi 
2 7 2©^JRt©W^Jj-SM-U©fflSlfi«[M^tCSei&«»2 7 1 3&<Sftk 
•T5^3ll#Ji^©4fe*©i»K«S«lftl"r*fc«>, ^1^112 7 1(1 

fJtcto-fe. il^SI2 7 1 ©^JR^T&SN i S i \%, ^2^112 7 
2©&«*mTfc5Au£Jt«ELT ! b, ^©Sfej^^V^Je), NiSiiAu 
©*B5tfe»*««l$!l$ns t^tC^ 1 £JSS 2 7 1 #SttT5¥i*fl:Ji'\(0&JR 

- h««2 7 ch^MfCifj^s y h*-Wm&1&J&fctf'V?3i< , ~>3 y 
-y- F1I2 7^1:^0^^^!), 11^112 7 1 <7)£JS£$fl2#JS 
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»2 7 2©sfe«£©M©ffi2&i!*a*ffltt3ft, iot, znt>£mm<D&&<k 
u\z&^T*>tf- b u -^iwp$i$ n, ->a y h^-y- hmn 2 7 

tt*Wm<hffiIl*i:€Wr^^«W^^TN i S i ^tilt t>±fB^*^ 

#e>n^>o ii#ii2 7 i ^ti^-r^i^vif±^w^:i«B!i^i:^^-r^^M 

r^t;-&^©flll^AM^!l«> P t S i , PdSi, N i N, P dN#©ffiO#il 

mtm^L w$&m m^m & ^ tr L%z\nz\z mM £ n & t> <?) t v > 0 

-TUt>%, ^li!I2 7 l^^T^N iSi£, p t y S i i - y emu 
0. 5 ^ 0 . 75), PdySii-y OSU 0. 5^y^0. 85), 
NiyNi-y MBU 0. 5^y^0. 8 5), Pd y Ni_ y (4IU 0. 
5^y^0. 8 5) ©Vi-fn^TS^L#-5><, ^1^112 7 1 

mmm^&mmtmmtD&mmit^momgM, 1 o o otwe^nn 

It, ^2^««2 7 2 ^li^-r§i£ViStrL*^W-r^ 

%m^&fcm&mt%£m7tm<nm<D&mMte. cu, ai, p t $^tt^^ 
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2 7 2^cui, aim, p t m<DK?nfri?mmisftz>o ft, %i<km>m2 

*«AlGaNIti^nfc^ GaNi, InAINi, InGaNi, I 
nA 1 GaNi, A 1 NitOya y h*-g=M£ <h £ ~> a y 

fc, GaNi, AlGaNJf, InAlNI, InGaNl, InAlGaN 
m. A 1 Nl©rt©^< tfell^^lS^ltCya y h^-^M^rt 

Sdt^pJtlTftSo -tfott* G a v A 1 i - v (fib, O^v^l) Sr III 

AiGaN, A 1 G a N^©¥S#JIrt£Sfc&^&il&&*y- hilTfe 
EI9«, 3 Oil<Z)f A 1 GaN/GaNfAfDi 

€>n%-9J}^h7>i?x? (hjfet) <D£mmm*^iruttMmmm-c$>z> 0 
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:®h7>y^li S i 1 ±\ZffiJ&2n5>o M9\Z^X, W<S i 

C^3 1±l£, 7>F-y©A 1 NA777I3 2«$n, M7>F- 
7°<DA 1 N^yyrmZ 2 ±.izWkM- 2 jLimCDX > y®G aNA'y77i3 
3^^$n, ^T>H-7°OGaN/t-/^7^3 3±tIJSl 5 nm07> 
H— 7° I no. iGao. 9 N^f>^5 I n G aNft^JH 3 4«^^l, 
mi nGaN^^H3 4±l:IH4 0 nm©7>F-7°A 1 0 . 2Ga 0 . 
8 N^e>&£A 1 GaNl^I3 5&mf$,-£tlZ>. 

A 1 GaNH-^^jl3 5 0li®l:tLTy-Xll6 S K >« 
!6D/&W$tl§. ^V-Xttii6 S F W 6 D te, W.A 1 G 

aNt«I3 5i0t-Att»t§. 

$e>lC, A 1 GaNlf^i3 5 (Z)Jt^®«bT^r- 3 7 

LT^£o i£^r-h«@3 7teu A 1 G a Nlf Mi 3 5 t©y a <y 
'l4i$M£££o i^r- M13 7 « 3 lillSSf -?t£fr)%, 131 

mmmm^ AlGaN«fft^l3 5©±*glNio. 7 Si 0 . 3 

137 ifrt>fez>mi£mmt, mmi^mm<D±m:m\ l z^vuoms 72^ 

£>£i:3Sf§2^JgJf il2^II©±SIf:fUAuI3 7 3^£>fr£fg3 
#«®^e>7^^o N i 0. 7 Sio. 3 l3 7 1^&MlilI^AlG 

JgiC InGaNtAl G a NOf&^ifc^C^B-r^ lfx^iM*<k 
tKgfitt^l^JM;:^, I nGaNft^H3 4 4'© A lGaN135i 

. <DRwm%ommz\z2&KmTfix&mf%-£nz>o ATDg^iwh? 
>^t;^ (hjfet) ^f-bmms 7 con^L-c2'A7tm^^m^ 

z\<DmM<DMmiz&\,*Tmmfc£M* ~>a y ^-y-Mi3 7^\ -x^ 
t£i±mm&&&vR^m^M&* : $'t2>&mttntLT. n i y s i i _ y m 

U 0<y<l) ^f>&§Il#I13 7 1, Il^SI3 7 1 &Q^\zM^ 
l6Mft§^ITa55Mo^6&5f2^II3 7 2, RtXiSSgt^^Wf 
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5&JRT&5Auj&>£fc5£3&JBJi3 7 3 (D 3 ittill^ 21 it* 
S. -r^to-fe, #lltt©-m§Ni y S i 1-y «BU 0<y<l) 
ttNi-Si M©»-&*3^aiV»fc«), N i D feK»T^3tT*S. 

b<«, 0. 4^y^0. 7 5T$)§ 0 #{3> 0. 65^y^0. 7 5©*^ 

3 7 ^ttt5¥i#i^®s i 371 (D&mom&mmffltsn&o 

3 7 3tttfi^*^tt5^lTMtS. — *i#It'>ayh+-y 

3 7 3 ©^it ©nn^^§iiiaT©ffl5tsta!(:i 1 mi 3 7 

SPAT, ^ 1 #S1 3 7 I©iiti3ili3 7 3 <D#JS£(DfyjiC&tt-5 

K^T<z)^sffim^i^±^Mtc5S*^-r^fcje). m 1 &mm 3 7 1 tm 3 #s 
S3 7 3 £ ©rate it§i#«j!3 7 i«fcD3efci«vi]»^&*-r«^iRT«i*-r 

5^2&II3 7 2^SSf5. JiniCitK ya y h^-^-MtS 7 

f H1#S)13 7 l^&JRfchftT&SN i S iM3^H3 7 

3©^I^t*§Au <hJ£3&bTt>, f§2:£JSJI 3 7 2©&«s|#ftTi&2>M 
o\t. J t(OWt/^ifim2 6 3 0*C£S^£«K N i £Au<D#5&WL\Ztt?Z>rt 
'JtittT®<. Ift^i:, il#H3 7 1 <hl3ill3 7 3 £<DTA 

2 3 7 2^ mi &mm 371^^3 3 7 3 £ d m 
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1&JBS3 7 i<D&mtmz&mm3 i 3©^jRt©iwofflsjtiR*«aniii$n, 

A 1 GaN«fM13 5 £fg 1 3 7 1 t©»ya y h^HI© 

3 y h*-^- HM3 7 oB«Ht*^±t, *^©OJ|gtt*srRj± 
bfc„ t^T, ->3 y h^-y- hli3 7 ^iSV^>a y h*H*g&tftetr* 

&JRIHHb'&*b©— MI0il<hbTN i S i £#!l^b7c^\ MZ-tetiMD^ 
iSflfb^a>te<BJfca!03fc£, PtSi, PdS i, NiN, Pd N^CDfficD&JS 

^b&#wa&«&fb4&£^tra*&^ 

-T^to-fe, il^I13 7 1 *ij«t5N iSi^>Pt y Sii-y (fib, 
0. 5^y^0. 75), PdySii-y (fib, 0. 5^y^0. 85), 
NiyNi_y (fib. 0. 5^y^0. 85), Pd y Ni_ y (fib, 0. 
5^y^0. 8 5) ©^WtlIlH5 0 ^1^113 7 

mmkm^&mmmm<D&m$ik^®<Dm&\&* 1 o o ovu±-?$>n^ 

— &gJ0iJ £ bTM o £0iJ5Kbfc/^, #J*fcrffi©i«jit^£WT5&«^*TM o 
*«ifeLT*>±E3i** f »S*l*. fl2:&JSjf 3 7 2&#j£-f 5i5l»j&£;rr 
£&JR7E*©te©JftS!W;*, Pt, W, TiR^TaSW^fUfecnS 
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tE WI, Til, TaI©^fn^Tiib#5. 

3 7 2«W^II«ltU, Mo x S i 1 - X M ({it, 0<x<l), 
Pt x Si i- x I ({fib, 0<x<l), W x Sii- x l ({fib, 0<x< 
1), Ti x Sii- x I (fiU 0<x<l), Ta x S i i_ x | ({fib, 
0<x<l), Mo x Ni- x I ({fib, 0<x<l), WxNi-xi ({fib, 
0<x<l), Ti x N!_ x « ({fib, 0<x<l), Ta x Ni- x l ({§. 
b, 0<x<l) (DVi-rn^TB^b#^)„ ^2iS!3 7 2£Mt§i« 

^mwL\m±mmm^mmtmm<D^mmi\:^m(Dm^M. 100 o-c^ 

_t-e&nte\ ±f3^^#§^^^pJfgTab^. ft, i^i 5 0 0tiii±t 
&nfc£J;i9£?£b^. 
3St, ^M<7)^T«, 13^11 3 7 3 ^^-r§{g^Jgiri^^W-r^ 

^JlTt^TAu^SmbTfeilB^^^^n?). ^3#II3 7 3 &mi%T 

&i&w&fcm*^ir&i§£mKm<Di&<DMmM\±. cu, ai, pt 

3 7 3lCuS, A1J1, P t Jf O^TfrlJ^TIKftb^S. ft, ^3#If3 

7 3«, tujziibfc^-5^>'3 s/ h^r-f— vnm<nmK*&Wi.-tz>frmzmvt 
e> n& jit & & £ #> , z.<Dgtf) izm^rt m o © t?r urn <D9&m&&&fc ^ . 

*JAlGaN|-eil*SnfcAi, GaNl, InAlNl, InGaNI, I 
nA 1 GaNl, A 1 NJf t<Dis a y h^-gj»$i5'>3 y b^-g^«@ 

7c, GaNl> A 1 G a NI, InAlNl, InGaNji, InAlGaN 
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2>Z£tf»im-e&Z>o -tUtts G a v A 1 i- v (fib, O^v^l) £ III 

^GaN« A 1 G a N^^^^Mrt^iS^^n^iS*^^- 

Ib7»*X^ (MESFET) <O^S«l3fi&^-r«R^*a!»f®BIT»S. 
b^>v?7.^^ SiCS^4 1±CM$tl5. HI 1 0 fc:feHT, RS i C 

mu4i±\z, 7>H-y©A i na*7 7 7S4 2«$n, > f— y 

CO A 1 N/t77 7l4 2±\zmmi /im©7>H-yOGaNA , ^77l4 3 
AWSn, R7 > F-T'CG a N/ty 7 714 3±MiM2X 1 0 1 7 
/cm 3 RtfHJSJP 1 5 0 nmOn!GaN5 ; t^H44«$n§. 

nSGaNft^H4 4 0±MlglT7-7tl6 SWFH>1 
l6D«tl5, iV-XH6 SRtfKFK 71S6DH iniG 

niG aNft^JH4 4 0±gffifcSl/Ty-h*i4 7 t«J& 
iy-hf!4 7te, V-71S6 SJt^HK>*fi6D^&IIIH 
bTV^o i^r-Ml4 7(l niGaN?t^I44t0y3'yh*- 
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mmmmt, mnmGaN^**)im4 4(D±$tmzm?z>N iM4.7 i, & 

N i!4 7 1 CD±^Mlcg-r^MoM4 7 2, MlMof4 7 2 0±^SI: 
grTSAuJS4 7 3j6>Sfc£. iN i!471 ^\ niGaNft^H44 

niGaNft^H4 4 4'©y- hflffi4 7 £©JMii3S#©»«K:Kk £ 
£«J&SJBj££n*. #I-*iM«h7>yX^ (MESFET) fciu 
y-h«S4 7<D1Bire££Ji/¥££flllT5;i£K:«ktK h7>^tLT 
■frfFTS. 

I nGaNtitMTt)<tK 

*mmomm\z&^x. «4 7 ©utigrau 0 5 \z^vtz.m 1 o^si 

^ m5\zmvtc.mi<Dnffi<DMm\z&ftz>¥--hm®m7gi 7&. GaN^ 
±m-^uwn,^^h^y^^ (mesfet) cifflifctjot^s. 

&ft^i&£Wt-£&JiiT&£N i l&JEM 4 7 1, KV>lttj&<£W 

miTfe5Mo^&^:5i2iIl4 7 2, S.m&ig$t^$:Wr§^«"e 
^§Au^e.^5^3^H4 7 303«^JBIfci6a>£&5c:£Tr&5. -ffc: 

fi*#j«fSfc«>fc, I1MI47 1 «**&t»Hft£^T3&*T*j3c 
U -yj, y 7 ©lfitt&fi»t*&ft, I3ill4 

7 3tt<£fifii*&Wr*^JPST«riG-r*- *bT, Il^Il4 7 1©^It 
13^114 7 3 <D&mt0mi,Z&tt&mUT<Dfa&.&WL$:ffi±-t%tzlt>. m 
1&JRJI4 7 1 t!3ill4 7 3 ffi^i»j&£WT5&JiT;fltJ5£-r 
*m2^JRJB4 7 2Sr^flE$-frS. cmiCfctK ~> a y h+-^- MI4 7 
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T&fc>^ ilil!47 10^I«»T*5N i R^B3^M14 7 3© 
&JS*mT&£Au£Jt«UT%, 12^114 7 2 cd£JS*^T&3M o te, 
-t©lfcjSi*«*a 2 6 3 ortievifcfe, N i tAuroffiStf W§AUtI 

tiTi<„ ^wr^t, ii#ii4 7 1 tm3&mm4 7 3 

ni2^H4 7 2^ 11^114 7 1 tl3ili4 7 3£Di«^ii& 

S4 7 i co^M<h^3#MS4 7 3®^Rtorao*asis:«[^«ift!i$n, cm 

ftWi44til^II4 7 1 £<D&m<Dz/3 y h »g©i£T£#Pfi»l 

t& n <t^T?#, iS^afc^viTfe^iRjy- hm^twiiiin^^p$ij-r§ t tan? 

y— h««4 7©j»S»tt*J|Rl±U SS^ <&te*Stt:JW3]± b fc. t£o 

*^Jfi©7^JiTtt, ^2ill4 7 2Sr»^*TSiiGilljStS:Wr*^JR7C*0 

^#S7C*<Z)ffi(D^^^0«x Pt, W, T i RlST a ^tr^fb^iine. 
fclEJtSttSfcOTfcfcft^. Mo^6^2^II4 7 2S, P 

tJl, WI, Til, TaI©UtWiil#§. 

if)^bfei^sii*^^-r§#S7c*ic^^, I2iii4 7 2*«t^-r*^jR 

4 7 2£«/£U§5&JR*m£UT, Mo x Si i- x l (fit, 0<x<l)> 
P t X S i 1 - x ® ({BU 0<x<lh W X S i 1 - X S (fiL, 0<x< 
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1), Ti x S i i-x® «&U 0<x<lK Ta x Sii- x Jl USU 
0<x<l), Mo x N!- x I 0<x<l), W x Ni- x Ji ({fiU 

0<x<l), Ti x Ni_ x ii mis, 0<x<l), Ta x Ni- x )i ({§. 
U 0<x<l) O^fla^tilbll^o l2iSl4 7 2*Mt^I 

mz, *mffi<Dmm-r:\$. mi&mm47 l&m&^zm^ttmmik&^-t 

•tz>$tm7im~vN i &wmhTh±.m%%:fim*>nz>o w,i±mm4 1 1 %m 
m^zm^mm%L*^%&m7tmom<Dm,m$m. p t &^p a 

^iTciTA u &SIL-Tfc±EWMI6n§„ i£3#JgJf 4 7 3 ^t^f 
^{g^SJfi^^*i-^^«7n^©^(DAiy^J^ Cu, Al, Ptmi^ 

4 7 3^CuE All, P t m<D^-fftfr~CWW:L&Z>. ft, fS3£JSJf4 

(m 5 ommomm) 

inn *$%m(Dm5<Dmffi(Dmmiz&i-fz>G aN^#«-^##m^ 

Ih7>yX^ (MESFET) 03fc^I5i^^1"g|5^Slr®ll!TS§„ 

rnvmrnte, mi o\z^?B4<DmM(D&miz&tfz>¥-hnm4 7%, ms 
\z^tw, 2 <Dmmo&m\z&tfz>¥- 7i:iiifc^«, imcdii 
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M<D&m\Z&rtZ>G aN%&m-¥Mfcn&®}%:h7>z?7,* (MESFET) 

&i:%%{M&mttm<Dmwh*m&<DMWJzmm^&z\t~v. mtmw&g 

wz. mi 2^mmvx^m<D^6(Dmm(DmM^mm'r^o 

gnu &mm<D%6(DmMommiztetf&GaN%£m-¥mfanm± 

^h7>y^ (MESFET) (D^mm&^^frmWrmm-Tr&Zo *M 

m<Dmmte. mi o\z^tm4<Dmm(Dmm\z&tfz>tf-hmm4 7 m9 
\z^^3<Dmm<Dmm\z&rtz><f--hnm3 i izm&hrzuw-te. 14©^ 

m<n>mm\Z^n^> G aN^#I-f«M#M h ^ >5>** (MESFET) 

m&nmxM h ? >vx$ (hjfed (D^^mm^-r^mmmm-c^ 

Z> 0 ^Oh7>yX^il GaNl«5 l±(cM$ni>. HI 1 3 {C&HT* 
iGaNSS5 1±{37>H-7°(^A 1 N/t^7 7l5 2/WJ&£tl, M7> 
H-7°(DA 1 N;t^7jI5 2±&Cjg|JPl ym©7>F-7'0GaN^t^ 
/f 5 3/«J&£n> f£7>F-7°tf>G aN^Y^H5 3iM«M2X 
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10l8/cm3 RZ$mm3 0 nmSttSniA 1 o. 2Ga 0 . 8 Nj&>6 

D^^^n^o iV-Xil 6 S F >«i 6 D (1 iGaNff 

*)\>M 5 5 i:©t-Aftgtt$i§= 



tt, iniGaN?t^H4 4®±»gt§Ni o. 5Si 0 . 5 ® 5 

7 lfrbfczmi&mm. r« i ^n©±sinits a ui 5 72* 

E»fc5ff£2sfeJSJl;fre>fc.5. ®SN i 0 . 5Sio. 5 15 7 l^GaNf 

G aNft^H5 5^©A 1 GaNSfft?^l5 4i©#M^fC«, 2 
'^Ttn^-ii^ifim^n^o AfP^iWh7>yX^ (HJFET) 

3*:^Jfi©^»Ttt» ft^HSGaNCiOi^Lfc^, ^^InGa 

^mm<Dmmiz^ux, ^-h«i5 7©ini ni8tc^Lfc^2(Diiis 

©7^H^43^^y-h«M#^2 7 ^IWIUTS^o &m-f*>£, *^J6©^Ji 
08t^b^2©HJ6©^!ltC*WSy-h«ffi«!jg2 7$GaN/A 
1 GaN^foi^i«K7>^^ (HJFET) fCilfflbfcfccOT 

att*H»[*^rbl.oWVi]«^*5frr-6^JR«»i:bT, N i y S i ! _ y ({B 
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U 0<y<l) /5^^1^II5 7 lRIfl£ffi£i*£*rr5&«T*S 

7 2©2JMBtlt3^£>&3££T&£ 0 
|l®-iT^§NiySi i- y (fib, 0<y<l) (iNi-Sifl©^ 
^^V^cS6, N ii£#«k DfeSfiTf^tSS. £p£L<te, 0. 4^y^ 
0. 7 5T^5. #t 0. 65Sy^0. 7 5©1^CH IM12 0 

I'v©! 1 #11 5 7 1 0iS©iJ£l!«J$n§c ~g.\Z, I2MI5 7 

5 7 2**tefiffi#*wf s&KT?*firr*. *i#it->3y h^— y 

5 7 2©^JS<t©^t^tt§ift?aT(Dffi5:t£t![MtKfc^l#MS5 7 

7m^mm'\±%:i%-?z> z\tx\ wi¥Mwmw<Dni&mi(Dft±&z£mmt>m ] &<D 

^14115 7 lOilWTSSN iSilt 12^115 7 
2<D#S*WT&3Au<htbij&l'T ! k> ^©Sl&^K^fctfK N i S i iAu 

(Dffi^jfcmmmzn&tmzm 1 #11 571 ^Mi"^^^s^©#« 

-y-h«!5 7MC*ofc!lT ; b> ffl 1 #JgJi 5 7 1 tf>#Jg<hil 2 #S 

15 7 2^#«<h0Ffl©+isifem^w^j$n, £ot> ^n^pp^^^t; 



# 
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JUS 5 7 1 tOWMOi/* v h3r— ^OiST^WSHT Set^Tf, i^$Stc 

m-?Z>&mffl4k&W}<D— AS^tLTN i S i £#)^b7c/^\ 0iJ*_Wt*&©S5U 
tt*pm<ti«B!li^<h^W-r^^«r^b'&tiirN i S i £«ftLT'b±IB3&**s 
#Sn§ 0 fgl&KJ3 5 7 1 ^^-r^^vM±*M^<i:^M^t^w-r^#« 

Mfc'&tt<0ffi©ftS!0!lfck PtSi, PdSi, NiN, PdNf©ffl©^I 

m<t^ wt&mmtW} &s t? jwt b t> e n e> tc pr^ $ n 3. *> © t v > „ 

-T^to-fe, 11^115 7 1 ^Mt5N i S i PtySii-y «&U 
0. 5^y^0. 7 5), PdySii-y (fib, 0. 5^y^0. 85), 
NiyNx-y (fiU, 0. 5^y^0. 85), Pd y Ni- y (fib, 0. 
5^y^0. 8 5) ©V>*rnj&>T?fi!feb#5. HtPf5 7 1^1M^ 

£b^ 0 

§<£VijS^$rWr§^M7C^Ote(D*M^J«, Cu, Al, P t 

5 7 2^Cui, A IS, Ptl©^Wtiit#§. MS* 12^115 
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7 2\$, m^tcXo\Z^3 v h^-^r-h^cDfiJa^SM-r^fcfe^fStj- 

<=> st & % tc #> » ta^-r § pi o *©#»<s©*iififci&Kfc v>. 

(SI 8 ©^!$&©^li) 

0 1 4*#RabT*»§9©jS8©^Jfi©^«*tt?li-r5. 
il4H ;£f§HJ©fjl8©^©7^K&tt&GaN/A 1 GaNlAjD 
h 7 (HJFET) cDilllS^miiSiT* 

^ 05 K^TIfl 1 ©^JfiO^ffitd^^Sy— h«S 1 7 fcg^bfcjBW3u 
m 7 (DnmOMWUZ&tfZ G a N/A 1 G a N^Afng^WM h 5 

(HJFET) <h-€-©#tii«l^i;T?*S. fi£oT, 0 5(^tIl©Hi 

fitter &#nrr 5. 

(fg 9 ©HJS©^) 

El 1 5teu &5£W<D%Z9<Dmi&<DmWUZ3StfZ>Ga N/A 1 GaNlArD 
8^Mh7>i?7^ (HJFET) ©£gJfc&£^TSB#«E»nBeiT& 
£<, *HJSCD^B«, 01 3fc^i-^7©^JfiO^«itc:*frt*^— h«S5 7 

W.7 <D$mv>KWi\Z&ttZ>G aN/A 1 GaN^fDg^iWh7>->' 
(HJFET) i:-5-0#tagttI^i;T?*-5. foT, 0 9Cwt^3©^l 

<Dmm\z3$tfz>¥- hmmmm s i &btz ^-rmm^rfm^mzmr^m^ 
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KNi, pt, p doi^-fftfriz&vjtmzn&Miikmm. mo, pt, 

W, Ti> Ta, Mo x Sii- x , P t X S i i- x , W X S i i- x , T 
i X S i i_ x , Ta x Sii_ x , Mo x Ni- x , W x Ni- x , Ti x 
N!- x< Ta x N!_ x (fib, 0<x<l) ©rt©Vvf tt)&>K:«fcBJgJ&3 
*l£>^2&JiiJg, Au, Cu, AK P t ©F*30H>i**lJ&>lC«k DM$tll>i 

mz. i/B v h+-S^*ftSN iySii-y, Pt y Sii- y , Pd 

ySil-y, NiyNl_y, PdyNl_y ({& U 0< Y < 1 ) <D^~T 

nfriz&Q5&i&-£ti%m&mm* au, cu, ai> ptcrtcufn^ii 

«fc D mj&Zn&M 2 £JRJf <Z> 2 AMflligKlJ: QHH&mtt, % 1 £«<DG a 
43 «k TSm&tism %-V&Z>£iiifiW&T?&2>&* Z\(D&? fcSHEfc «fc 

mm-}* .^-r zvfc&xmmznznmti^m&giw* mz. m^wm 
&Rz$&ntc/^v-mztf^2ft%¥mfomm\zmmTz> z. tfiw&L^ 0 
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1. Ga v Al i-v O^v^l) £ III mm7tm<DBEf$,ft <h b N 

2 . ituSBfg 1 ^P««> Ni, Pt, Pd, Ni z Sii- z , Pt z S 
i 1 - z . Pd z Sii- z , Ni z Ni_ z , Pd z Ni- z (fib, 0 < 

z< i) ct ?)fc&mfrZMifc%nrz.\<^nfr<D&mttHfrb-teX)* 

ftttfBft2&JKJIttU Mo, Pt, W, Ti, Ta, Mo x Si i- x > 
Pt x Sii- x , W x Sii- x » Ti x Si i- x> Ta x Sii- x , 
Mo x Ni- s , W x Ni- x , Ti x Ni- x , Ta x Ni- x «&U 0 

<x<d £Qf£&mfrzmRznrc^nfr<D£mttmfr$f£%m$:mi \z 

3. mmm3&mm\z. au, cu, ak pt<tt)^»e.ii?$n 

4. ffifBfgl&JPiJifck Ni z iSi i-z i (fit, 0. 4^z 1^0. 
75) > Pt z2 Sii- z 2 °- 5^z2^0. 75), Pd z3 
Si i - z 3 ({BU 0. 5^z3^0. 85) , Ni z4 Ni- z 4 (4fi U 
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0. 5^z4^0. 8 5) . Pd z5 Ni- z 5 «SU 0. 5^z5^0. 

8 5) «kOfes»^6a^$nfc^m^cD^«»»36>&^t), 

ffffBH 2 Mo, P t , W, T i , Ta, Mo x Si i- x , 
Pt x Sil-x> W x Sii- x> Ti x Si!- Xl Ta x Sii- x , 
Mo x Ni- x< W X N!_ X , Ti x Ni- x , Ta x Ni_ x (III, 0 

<x< i ) j; d t£%m^mfczftt£^rnfr<D&mmwbt£z>m&m 1 \z 
5. mmf&3&mm\t. au, cu, ai, pt«ku^5i^6iiR$n 

8 . iufBfg 2 &JM®!|j&tt, 1 0 0 0 < C£UbT&£»M£E 1 £BB*5©¥ 
1 0. MfBSf&te, S i CSS, GaN*fcJ:Bfc*#J&> 

e> ii^ $ n& v i-rn^ oss^ e> it ^ 9 K:BBm©¥8H*gs. 

11. HtifB¥S#«^ A 1 u Ga 1 - U NM ttfiU O^u^l) ^6 
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12. iufB^S&Jfte, G aN^«lfl^t*;H±^^*^fc 

,^e«A 1 G a Nj&>&fc*Wf3&B 1 2 KlSB*©¥J»flcft1l. ■ 

1 4 . ttil2^^#:S«> G a N^b^#j¥&#*^fc*&B±fc^J*2nfc 
G a N^b-a-^^^^^^e^^^w^ 1 fcfflfSO^MMfcSB. 

1 5. S9BBG aN^ft¥»^t^;HttG aNR^I nGaNiDft 
*&««A 1 G a N^6ft:5lf*S 1 4 lCfB«©¥2»#g«. 

16. MfB^^S^ niG aN^^^;i/)iTfe§M^ISl \Zf&m<D¥U 

17. Ga v Aii- v (fi^ o^v^i) %mmm7tm<D±j&fttVN 

tmm 2 gnat*, miBie 1 £hji<£ 0 mw^iti* e> & 



1 8. mmmi &mmfe. Ni y sii- y « p t y s i i- y , Pd y s 
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1 1-y, NiyNl-y, PdyN!_y (fil, 0< Y < 1 ) cfcDft&P 

19. MBm2ikmm\$, au, cu, ai, p t«fco&5gto>£gft$n 

2 0. MfEffl 1 te, NiyiS i i-yi OSU 0. 4^yU 
0. 75) , Pt y 2Sii-y2 (fiU 0. 5^y2^70. 5), Pd 
y3 Sii-y3 (<Bb> 0. 5^y3^0. 85) » Ni y4 Ni- y 4 (fi 
U 0. 5^y4^0. 85) , Pd y5 Ni- y 5 (4fiU 0. 5^y5^ 

o. 8 5) £*)fc&mfrzmfcisntc^irnfr<D&mttm*$u&m&mi i 

2 1. HulB^2^Mjl«, Au, Clu AK P t «fc Dfc5i$j&*£,£&3ft 

&v>-rn*> 2 0 iztzmoi^mfomm. 

2 3 . mmm 1 1000 t^jt-r&siit^ig 1 7 tciEis© 

z&mmm±\zj&j&2riT\t*2>m?&TM 1 7 iztmo^mfomm. 

2 5. ffiBEStRWu it^T-r-t^, S i CIS, GaNlIi^^i^ 



WO 03/107431 PCT/JP03/07676 

37 



2 6. Mft¥m&mifi> Al u Ga i- u Nl (fib, 0£u£l)*>5 
l 7 £HE«©¥*#{gSo 

sa^^n*^*^*^ e>& o , M2g a Nmt^^m^m^m 

2 9. ftifB¥*H£Jlte* G a N^M^t^ MS±lC^Snfc 
G a N^^tJ^S^^^-^/lTfe^I*^ 1 7 fci3«©¥*#£«. 

3 0. DI2G a N^b^ W^t^JH^G aNRlK I nGaNiD^ 

3 1 . jiWB^i* 1 ^ niGa N^**;WiT!fcS»#9i 1 7 tCfB«tf>¥ 
32. Ga v Ali- v O^v^l) £ III ^'JteSI b 

HUBS' a ^ h+H&^Se^ t&IB¥«#B£&fel}TSSg 1 &^B£, 

i &jRBfc»«rr 2 ^jsji t. mm 2 &mm t««rr 3 ^ss t 

&^tri*B*i6*>e>fc'K 

HfjfBffl 1 &JSB.«> Ni, Pt, Pd, Ni z Si i _ z , Pt z S 
i !_ 2 , Pd z Sii- z> Ni z Ni- z , Pd z Ni_ z (fil, 0< 
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iufBff! 2 ±mm\t. Mo, P t , W, T i , Ta, Mo x Si i- x , 
Pt x Sil- x . W x Sii_ x , Ti x Sii- x> Ta x Sii- x , 
Mo x Ni- x , W x Ni_ x , Ti x Ni_ x> Ta x Ni- x (fiU 0 

mtvmz&mmfe. au, cu, ak pt«tD*5S*ei^$n 

33. Ga v Ali_ v (fib, O^v^l) & in »Mftl7E*0±^ £ b 

Mm i &mm 2 &mm t ^ummmmfr e> & v , 

ffiSBjg 1 NiySiX-y, PtySi l-y, P d y S 

1 1-y, NiyNl-y, PdyNi-y (fiL, 0< Y < 1 ) cfcOft^ 

mmm2&mm\t. au, cu, ak ptio^»^iK$ti 

3 4. Ga v Ali_ v (fiU O^v^l) *in*fll7C*CD^J5ft^i:b 

MnZmi&mmte. Ni zl Si 1 - z 1 (It, 0. 4^z 1^0. 
75) >Pt z2 Si 1 _ z2 (fib, 0. 5^z 2^0. 75), Pd z3 
Si!- Z 3 (fib, 0. 5^z3^0. 85) , Ni z4 Ni- z4 (fib, 
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0. 5^z4^0. 85) , Pd z 5Ni_ z 5 «SU 0. 5 ^ z 5 ^ 0 . 

tm&2&mm\ts Mo, Pt, W, Ti, Ta, Mo x Si i_ x> 
Pt x S i i- x , W X S i i- x , Ti x S i i - x > Ta x Si i - x > 
Mo x Ni_ x , W x Ni- x , Ti x Ni- x , Ta x Ni- x «&U 0 

< x < i ) d e>s#?$ nfc^^-rn^©^js*r^ e> fc o , 

MIB^3#SS^ Au, Cu, A i > Pt iD^we-i^^n 
35. Ga v Ali- v (fiU O^v^l) £ III MJ^St<7^K#<L L 

IfilBIl^glH NiyiS i i-yi (ffib, 0. 4^yl^0. 
75) , Pt y2 Sii-y2 «BU 0. 5^y2^70. 5), Pd y3 
Si i - y 3 (fit, 0. 5^y3^0. 85) , Ni y4 Ni- y 4 (II U 
0. 5^y4^0. 85) , Pd y 5Ni- y 5 «SU 0. 5^y 5 ^ 0. 

mz$&2&mm\z. au, cu, ak ptiD&sp^ss^n 
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